Diabetul zaharat este o afecţiune metabolică bine cunoscută, a cărei incidenţă este în creştere în întreaga lume. Particularităţile anatomo-patologice şi clinice ale multor afecţiuni, inclusiv ale abdomenului acut, sunt modificate semnificativ la pacienţii diabetici, ceea ce impune o strategie terapeutică nuanţată. În principal, două atitudini pot fi eronate, ambele cu efect negativ asupra evoluţiei pacienţilor: o intervenţie chirurgicală întârziată în cazul unei peritonite, datorită aspectului său clinic şi biologic atipic, sau o laparotomie inutilă la un pacient diabetic cu cetoacidoză, ceea ce va agrava suplimentar o stare generală precară. De aceea, pentru a evita confuziile şi erorile diagnostice, utilizarea frecventă a tehnicilor imagistice avansate (TC, RMN) sau explorarea laparoscopică a cavităţii peritoneale se pot dovedi necesare în multe situaţii.
Background
Diabetes mellitus is considered to be one of the most challenging health problems of the 21 st century (1) . Worldwide, it was estimated that there were 415 million diabetic patients aged 20-79 years in 2015, and the number was predicted to rise to 642 million by 2040. In Germany, diabetes was diagnosed in 7.2 % of the adults (7.4 % of the women; 7.0 % of the men) and its prevalence increased substantially with advancing age and in persons of low, rather than high socioeconomic status (2) . In our country, higher rates should be expected, although the number of un-diagnosed patients could be difficult to estimate.
Diabetes has a large variety of well-known vascular complications, including retinopathy, nephropathy and cardiovascular disease. Autonomic neuropathy is less obvious, but it may generate confusing clinical features in diabetic patients with acute abdomen; therefore, the diagnosis and the surgical treatment can be significantly delayed.
The autonomic nervous system innervates the entire human body, and is involved in the regulation of every single organ. Perturbations in autonomic function account for everything from abnormalities in pupillary function to gastroparesis, intestinal dysmotility, diabetic diarrhea, genitourinary dysfunction. Autonomic dysfunction can affect the daily activities of individuals with diabetes and may lead to potentially life-threatening outcomes. Its prevalence increases with age, duration of diabetes, obesity, smoking and poor glycemic control. Diabetic neuropathy usually co-exists with microangiopathy and macroangiopathy; moreover, their effects are synergic (3) .
Material and Methods
The Surgical Clinic of "Dr. I. Cantacuzino" Clinical Hospital has a wide experience in the management of diabetic patients with abdominal surgical pathology, due to the proximity of "N.Paulescu" National Institute of Diabetes and Metabolic Diseases and to the expertise of its medical staff. Every year, around 3200 patients are admitted and operated in our clinic, almost 20% of which also have diabetes mellitus.
Imaging procedures include abdominal X-ray and ultrasonography, CT-scan or MRI in selected cases. In case of persisting doubt, the diagnosis is usually confirmed or disproved by a laparoscopic inspection of the peritoneal cavity, which also allows a minimally invasive approach to the cause of peritonitis.
Results
Acute appendicitis is the most common surgical disease and appendectomy is still considered the treatment of choice in the majority of cases. A correct diagnosis is key for decreasing the superfluous appendectomy rate, but the management can become difficult in cases of complicated appendicitis (4) . There is a consensus that a history of diabetes is an important factor with regard to the rate of acute and perforated appendicitis (5) . However, the diagnosis is often difficult, due to the peculiar reactivity of these patients. First of all, the classical symptoms of acute appendicitis are well-known: anorexia, nausea and vomiting and, sometimes, constipation. Unfortunately, a diabetic patient with acidosis, which transforms an already severe condition into a worse one. Therefore, in order to avoid confusion of diagnosis and treatment, the extended use of advanced imaging techniques (CT, MRI) or even a laparoscopic inspection of the peritoneal cavity may proove justified in many cases. they are not specific at all and, in diabetic patients, they can be easily correlated to diabetic autonomic neuropathy, which may accelerate or slow down the intestinal transit.
The intensity of the pain, which is the most important clinical sign, may be significantly decreased due to the same neuropathy and it may not reflect the rapid evolution of the inflammatory process. We have operated several cases of acute phlegmonous or even gangrenous appendicitis in which the pain had been described as mild or moderate. Furthermore, the physical signs were not very obvious; we rarely found direct tenderness and muscle spasm in the right lower quadrant.
The main biological finding is expected to be leukocytosis. However, the deficiencies of immune reactions in diabetic patients cause a smooth and delayed elevation of leucocyte count; thus, quasi-normal ranges of 10,000-12,000/mm 3 are not very surprising in severe forms of acute appendicitis. At the same time, high values of 15,000-20,000/mm 3 should be considered very alarming and, in the appropriate clinical situation, should strongly mandate a laparotomy or laparoscopy in emergency.
Abdominal ultrasonography is more useful for the diagnosis, as it is not affected by the particularities of diabetic patients. The presence of abdominal fluids in the right iliac fossa and the distension of the appendix are significant findings, as well as a normal view of internal genitalia, in female patients. An upright abdominal radiograph may demonstrate a fecalith, localized ileus or, rarely, pneumoperitoneum. The diagnostic accuracy of MR imaging is appreciated as similar to that of CT for the diagnosis of acute appendicitis (6) .
Diagnostic laparoscopy may represent the ultimate solution, in patients in whom appendicitis cannot be ruled out, as it also allows a minimally invasive appendectomy. However, a normal appendix should be left in place, although there is no consensus on this and some authors recommend its removal.
In diabetic patients, metabolic disorders are often caused by septic episodes; respiratory, abdominal or urinary infections may be the cause of unstable blood glucose level, which cannot be corrected. We emphasize the fact that in diabetic patients with unexplained hyperglycemia and ketoacidosis, the initial physiopathological factor may very well be sepsis; clinical, biological and, most of all, imaging investigations should therefore be focused on locating the initial process.
Although the indication of surgical treatment for acute appendicitis has been considered self-evident for many decades, the development of antibiotics has challenged this attitude and many studies have reported encouraging results after this kind of "conservative" treatment. However, the initial enthusiasm has diminished and nowadays there seems to be a consensus regarding the fact that appendectomy remains the most effective treatment even for patients with uncomplicated acute appendicitis, due to its significantly higher efficacy and low complication rate (7) . Furthermore, a study of the patients' preferences regarding surgical compared to nonsurgical therapy has shown that most patients may prefer a surgical approach over a strictly pharmacological one (8) .
In diabetic patients, the choice of nonsurgical treatment raises important concerns, as the evolution towards severe histological forms may be very rapid, while the clinical and biological findings do not entirely reflect the severity of the peritoneal involvement and of the septic process. Many studies proved that diabetic patients have a higher risk for recurrent appendicitis after antibiotic treatment during a 1-year follow-up period than nondiabetic patients using population-based database (9) . Therefore, we consider that in acute appendicitis, as well as in cases with persisting doubt, classical or laparoscopic exploration and appendectomy should be performed (10) . If the appendix is normal, appendectomy should be avoided, as it involves a "septic moment" and does not seem to have any short or long-time benefits.
Cholelithiasis and acute calculous cholecystitis have higher prevalence in the diabetic population, due to the defects in gallbladder motility caused by autonomic neuropathy, which allow and favour crystal precipitation and to the metabolic disorders which are common in these patients. Both mechanisms play a central role in the pathogenesis of gallstones.
The local complications are represented by the visceral mass present in the right upper quadrant (gallbladder with greater omentum), but mainly by the abscesses of the inferior surface of the liver, which are responsible for sepsis.
The clinical diagnosis of acute cholecystitis in diabetic patients has similar features to that of acute appendicitis: physical examination and biological findings are usually subtle and delayed, while the pathological process rapidly worsens and evolves towards gangrene (11) . Leucocyte count is not very helpful either, and therefore the positive diagnosis is based on imaging techniques. Abdominal ultrasonography is quite sensitive and it also has the advantages of being largely available and affordable: it shows the presence and the size of gallstones, the gallbladder wall thickening and also the pericholecystic fluid. Computed tomography is obviously more sensitive, but less accessible, while MRIcholangiography is the "gold-standard" for the exploration of biliary ducts.
The treatment of acute cholecystitis consists of laparoscopic cholecystectomy, performed as soon as the diagnosis has been confirmed. Patients with diabetes who undergo cholecystectomy 24 hours or more after admission, due to a delayed diagnosis, are expected to have an increased risk of postoperative surgical-site infection and a longer hospital stay than those undergoing surgery within 24 hours of admission (12) . Another important issue is that conversion may occur in a significant number of cases. In several studies, age over 65 years, diabetes and CRP over 150 mg/l were identified as independent preoperative risk factors for conversion. Complications of severe inflammation like gangrene of the gallbladder and an abscess identified by the surgeon (and which are not rare in diabetic patients) were also recognized as risk factors in the multivariate analysis examining both preoperative and intraoperative findings (13, 14) .
The postoperative evolution is also less favorable. In patients undergoing cholecystectomy for acute cholecystitis, diabetes increases the risk of mortality, cardiovascular events, and renal failure. Insulin-treated diabetics have more co-morbidities and poorer outcomes (15) .
A peculiar situation, with a higher prevalence in diabetic patients, is represented by the acute acalculous cholecystitis, defined by ultrasonographic, intraoperative and pathologic findings of acute cholecystitis, without evidence of gallstones. It is associated to recent operations, trauma, burns, multisystem organ failure and parenteral nutrition. It may also occur in the absence of an obvious trigger, in patients with pathological conditions which generate local ischemia, like diabetes mellitus, malignant disease, abdominal vasculitis, or congestive heart failure (16) .
Acute acalculous cholecystitis is mainly caused by ischemia. The arteriography of specimens showed arterial dilatation and extensive venous filling in acute gallstoneassociated cholecystitis. On the other hand, multiple arterial occlusions, with absent or minimal venous filling, were consistent features of acute acalculous cholecystitis; the degree of arteriographic abnormality in these cases corresponded with the severity of gallbladder pathologic findings. The conclusion was that small vessel occlusion, on the basis of low splanchnic flow or intravascular coagulation, may be a fundamental element in the pathogenesis of acute acalculous cholecystitis (17) .
Abdominal ultrasonography and computed tomography should settle the diagnosis, based on the presence or absence of edema and thickening of the gallbladder wall and on the intraperitoneal, pericholecystic fluid. The main pathological finding is represented by the gangrene of the gallbladder mucosa, correlated to the degree of ischemia, but also to the delaying diagnosis and treatment (Fig. 1) .
The therapeutic approach is emergency surgery and the best procedure in diabetic patients seems to be laparoscopic cholecystectomy. In critically ill patients with sepsis, the treatment is not well defined, and there is only limited evidence about whether percutaneous drainage or cholecystectomy is preferred (18) .
The outcome of these patients seems to be quite poor; the mortality after postoperative acute ischemic cholecystitis (in critically ill patients) is as high as 23-40%. The mortality of elderly patients tends to be higher and diabetes mellitus may also increase the risk of death (18) .
In diabetic patients, acute pancreatitis has a higher prevalence and severity, due to the importance of metabolic factors. Furthermore, the involvement of the pancreas, which is the core of the glucidic metabolism, causes significant disorders, such as hyperglycemia and ketoacidosis. Traditionally, it was believed that disturbances in carbohydrate metabolism could result from acute stress, pancreatic microcirculation disorder and excessive secretion of catecholamine after acute pancreatitis, leading to transient elevations in blood glucose. After the treatment of the acute episode, the blood glucose should soon return to normal. However, some of these patients may not fully recover from the hyperglycemia and their blood glucose could rise again after a short term recovery; afterwards, they may develop diabetes mellitus and need treatment with antidiabetic medication or insulin in their rest of lives (19) . There has been described a type 3c diabetes mellitus, which is determined by pancreatic destruction during one or more episodes of acute pancreatitis. This type of diabetes is a clinically revealing condition with a prevalence of 5-10% among all diabetic subjects in Western populations. Its frequency and clinical importance have been underestimated so far. Its complexity is increased by comorbidities, such as maldigestion and concomitant qualitative malnutrition (20) . Some papers also named it "diabetes following pancreatic disease" or "diabetes of the exocrine pancreas" and found out that it is frequently labeled as type 2 diabetes, but has worse glycemic control and a markedly greater insulin requirement (21) .
The clinical findings in acute pancreatitis may be miscellaneous, as the physical and biological findings of metabolic disorders are quite obvious, while the abdominal signs are not very specific; they tend to be rather subtle and delayed. Therefore, treating the underlying trigger during diabetic crises is just as important as managing metabolic disturbances in order to achieve favorable outcomes; meanwhile, managing acute pancreatitis-associated hyperglycemia can promote recovery (22) .
A peculiar case is represented by the so-called "metabolic acute pancreatitis", prompted by the association between hypertriglyceridemia and induced acute pancreatitis, with diabetic ketoacidosis. These pathologic conditions are interconnected, as some authors appreciate that severe hypertriglyceridemia, as well as diabetic ketoacidosis are in fact complications of type 1 diabetes (23). The positive diagnosis of acute pancreatitis in these cases presents with many challenges. First, epigastric pain is quite common during episodes of diabetic ketoacidosis, and onefourth of these patients have elevated levels of serum lipase and amylase without any clinical or radiological evidence of pancreatitis. A three-fold rise in serum lipase and amylase levels is considered specific for the diagnosis of acute pancreatitis, but in the hypertriglyceridemia-induced form, the enzyme levels can remain normal. Almost 50% cases of these patients have normal levels of amylase due to lipemic content of blood, which interferes with the calorimetric assay of amylase and the presence of inhibitors of assay in plasma. Acute pancreatitis with diabetic ketoacidosis and normal levels of serum lipase have been also described (24) .
The positive diagnosis is therefore based on imaging methods (CT or MRI), which should follow the dynamic evolution of the inflammatory and necrotizing process (Fig. 2) . In addition to assessment of relevant clinical and biochemical parameters, computed tomography scanning has been considered for a long time the reference standard not only for diagnostic purposes, but also for assessing the severity of acute pancreatitis. The enhanced CT severity index (CTSI) and the unenhanced Balthazar score are the most widely used CT scoring systems. However, some investigators have suggested that CT scanning on admission is not relevant, because it takes a few days for pancreatic necrosis to develop, and CT scans obtained in the early phase of the disease would not change clinical management. They have also recommended that CT studies should be reserved only for those patients with significant likelihood of severe acute pancreatitis. Moreover, the use of contrast agents may worsen the course of the pancreatitis (25) . MRI is useful for its possible findings of hemorrhage in acute pancreatitis and for correlating the presence and extent of hemorrhage with the MR severity index (MRSI), Acute Physiology And Chronic Health Evaluation (APACHE) II scores, and clinical outcome. The presence of hemorrhage, rather than its extent, correlates with poor clinical outcome (26) .
The therapeutic approach follows the classical "no needles, no knives" rule. The European Society of Gastrointestinal Endoscopy (ESGE) has recently (May 2018) published an evidence-based multidisciplinary guideline. It strongly recommended:
− initial goal-directed intravenous fluid therapy with Ringer's lactate (e. g. 5 -10 mL/kg/h) at onset; then, fluid requirements -patient-tailored and reassessed at frequent intervals; − against antibiotic or probiotic prophylaxis of infectious complications in acute necrotizing pancreatitis; − performing endoscopic or percutaneous drainage of infected walled-off necrosis as the first interventional method; − long-term indwelling of transluminal plastic stents in patients with disconnected pancreatic duct syndrome; − invasive intervention for patients with acute necrotizing pancreatitis and clinically suspected or proven infected necrosis (27) . The therapeutic attitude towards pancreatic pseudocysts following acute pancreatitis has also changed. Conservative expectant management may be possible in up to 40% of all pancreatic pseudocysts which is why conservative treatment should be continued for more than 6 weeks in asymptomatic patients with pancreatic pseudocysts. The size and persistance of the pancreatic pseudocysts should no longer be considered as the prime indicators for surgical intervention (28) . Indications for abandoning conservative treatment are: persistent pain, gastric outlet obstruction, weight loss, jaundice, dyspepsia. In those cases which require surgical procedures, endoscopic drainage is becoming the preferred therapeutic approach because it is less invasive than surgery and has higher long-term success rate. The options are represented by: transpapillary approach with ERCP (which is preferablewhen the pseudocyst communicates with the main pancreatic duct), direct drainage across the stomach or duodenal wall, or EUS guided transmural stenting (29) .
The main cause involved in the pathophysiology of acute mesenteric ischemia and of intestinal infarction is the co-existence of obstruction on both large and small vessels, which is a common finding in diabetic, elderly patients. The diagnosis is usually a difficult one, as there are no specific physical, biological or imaging signs. Consequently, the time span for vascular surgery is often overpassed and the viability of the intestinal loops is compromised. The existence of intestinal necrosis may be assumed before the beginning of the surgical procedure, but in most of the cases the positive diagnosis is intra-operative (Fig. 3) .
There have been contradictory discussions regarding short bowel syndrome following large intestinal excisions. Progress has been made in the understanding of intestinal adaptation, characterized by improvements in intestinal absorption, changes in hormonal secretion, development of hyperphagia and dysbiosis of the gut microbiota (30) . These changes may explain why patients who have had a length of 30-40 cm of remaining bowel have surprisingly survived, in a satisfactory physical and metabolic condition. Therefore, our therapeutic approach in large intestinal infarction, with intestinal loop necrosis, has significantly evolved; in these cases, we usually perform a large excision of the small bowel, as extensive as necessary, and an ileostomy. We have avoided primary anastomosis, as the vascular status is often poor, while the co-existence of occlusion and peritonitis in elderly patients represented one of the worst possible combinations. The outcome has been favorable in many cases and, in some of them, restoring the intestinal continuity has become possible afterwards. Long-term management of the short bowel syndrome required a coordinated approach including dietary and fluid modifications, symptombased conventional medication, selective use of intestinotrophic agents and surgery, and management of preexisting conditions, ideally by a multidisciplinary team (31) .
Encouraging results, confirmed by several studies, were obtained with Teduglutide, a recombined, degradation-resistant, longeracting analogue of Glucagon-Like Peptide-2. GLP-2 induces gut epithelial proliferation by stimulating crypt cell proliferation and inhibiting enterocyte apoptosis, increases absorptive capacity and inhibits gut motility and secretion (32) .
Primary peritonitis or spontaneous peritonitis is classically defined as the presence of pathogenic bacteria inside the peritoneum, without any breach in the peritoneal layer. The main mechanism involved appears to be bacterial translocation, while the most frequent germs are E coli and Klebsiella pneumonia. Primary peritonitis appears in immunodeficient patients, which explains their higher prevalence in the diabetic population.
The positive diagnosis cannot be settled before the procedure, as there are no specific clinical, biological or imaging signs available. However, serum procalcitonin is significantly higher, which justifies its use as a primary marker for peritonitis. The usefulness of peritonitic fluid procalcitonin to diagnose primary peritonitis has not been demonstrated (33) . Laparoscopic exploration of the peritoneal cavity is the best possible option, as it may exclude a perforation as the cause of a secondary peritonitis and it also allows the bacteriological analysis of the peritoneal liquid. In primary peritonitis, a polymorphonuclear cell count of more than 250 cells/mm 3 in the peritoneal fluid and a single type of bacteria, usually Gram positive cocci, are found.
Empirical antibiotic treatment has to be initiated immediately after the diagnosis of primary peritonitis. Third-generation cephalosporins have been the most frequently used antibiotics since 1985 and were highly effective until about 10 year ago, but the emergence of resistance to them is of great concern. Following evaluation of antibiotic susceptibility in several series of cases, some studies recommended the use of cefoperazone/sulbactam or piperacillin/ tazobactam (34), while others reported better results after the use of cefepime, a fourthgeneration cephalosporin with good activity against most nosocomial Gram-negative bacteria and Gram-positive cocci (35) .
Diabetic ketoacidosis is a severe metabolic emergency condition, which is characterized by hyperglycemia, metabolic acidosis and ketonemia. It is the result of absolute or relative insulin deficiency, mostly in type 1 diabetes mellitus, but it can also occur in type 2 diabetes. Ketoacidosis is frequently associated with abdominal pain, particularly if the degree of acidosis is severe, so it may suggest a false diagnosis of acute abdomen. According to several studies, abdominal pain and tenderness are common in patients with severe ketoacidosis, with a plasma bicarbonate level of ≤10 mEq/L (36) .
The pathogenesis of abdominal pain in diabetic ketoacidosis varies, but severe hyperlipidemia is an identifiable causative factor. However, the massive accumulation of triglycerides interferes with the measurement of biochemical values and results in normal or even low levels of electrolytes. In fact, even glucose concentrations can appear falsely low in the presence of hypertriglyceridemia; therefore, the diagnosis and treatment of ketoacidosis may be delayed due to pseudonormoglycemia in the presence of massively elevated serum triglyceride levels (37) .
The dilemma of an accurate and rapid diagnosis is increased by the fact that acute abdominal conditions, mainly peritonitis, are often themselves the cause of metabolic disorders, with hyperglycemia and ketoacidosis. Therefore, diabetic ketoacidosis may be: the cause of abdominal pain (thought to be the sign of peritonitis) or the effect of a real secondary bacterial peritonitis, which causes abdominal pain.
In the first case, the therapeutic approach is conservative and a surgical procedure is useless and even dangerous, as anesthesia and surgery would only increase the severity of metabolic aggression and the intensity of metabolic disorders. In the second case, the operation is mandatory, as the only available life-saving treatment. This is the reason why the co-existence of intense abdominal pain and diabetic ketoacidosis should be carefully analyzed, in order to understand the appropriate cause and effect sequence. Clinical and even biological signs are not specific, as a higher leucocyte count and inflammatory markers are common findings in many pathological conditions which may occur in diabetic patients. Imaging techniques (abdominal ultrasonography, computed tomography or MRI) should provide valuable data in order to settle a positive diagnosis. In case of persisting doubt, the laparoscopic exploration of the peritoneal cavity seems to remain the best option, in order to avoid an even greater error-a further delay in the diagnosis and the surgical treatment of a secondary peritonitis in a diabetic patient with severe metabolic disorders (38) .
Conclusion
The diagnosis and treatment of acute abdomen in diabetic patients may pose a challenge, even for experienced surgeons. The evolution of the lesions towards severe pathological forms is rapid, due to the immune deficiencies of these patients. However, the clinical and biological findings may not be correlated to the severity of the septic process. Unexplained hyperglycemia and metabolic disorders which are difficult to manage may be the only signs which somehow suggest the existence of an inflammatory or septic condition. Imaging methods are widely indicated in order to settle the diagnosis and the indication for emergency surgery.
The association between abdominal pain and hyperglycemia with ketoacidosis may be even more confusing. Acute abdomen, especially peritonitis is characterized by severe abdominal pain, but can also generate metabolic disorders and ketoacidosis. Nevertheless, diabetic ketoacidosis often generates abdominal pain itself, which may be misinterpreted as a sign of peritonitis. Therefore, an accurate diagnosis is of outstanding importance, because the treatment differs significantly: peritonitis imposes an emergency surgical procedure, as the only possible life-saving approach. On the contrary, diabetic ketoacidosis has to be treated with medical methods; in this case, anesthesia and an operation would worsen an already severe condition. Advanced imaging methods, like computed tomography or MRI should provide the correct answer. In case of persisting doubt, an exploratory laparoscopy seems to be the lesser of two evils.
